Azole resistance of Aspergillus fumigatus isolates has been reported worldwide and it would appear to be mainly due to a point mutation in the 14α-sterol demethylase (CYP51A) gene, which is the target enzyme for azoles. The mutation has been confirmed in isolates from patients who received long-term itraconazole (ITZ) therapy and from agricultural fields where high levels of azole fungicides were employed. However, the relationship between farm environments and azole-resistant A. fumigatus has not been fully studied. In this investigation, 50 isolates of A. fumigatus were obtained from a farm where tetraconazole has been sprayed twice a year for more than 15 years. The mean minimum inhibitory concentration (MIC) of isolates was 0.74 (0.19-1.5) mg/L against ITZ, which was below the medical resistance level of ITZ. The sequence of CYP51A from isolates indicated no gene mutations in isolates from the farm. Antifungal susceptibility of isolates to tetraconazole showed that spraying with tetraconazole did not induce resistance to tetraconazole or ITZ in A. fumigatus.
Introduction
Azole resistance of Aspergillus fumigatus isolates has been reported worldwide, and it would appear to be mainly due to a point mutation in the 14α-sterol demethylase (CYP51A) gene, which is the target enzyme for azoles. [1] . The mutation induces resistance of A. funigatus to several azoles, including itraconazole (ITZ), which is used commonly to treat human aspergillosis. The mutation has been confirmed in isolates from patients who received longterm azole therapy and from agricultural fields where large quantities of azole fungicides have been used [1] . Isolates of A. fumigatus from farms were first reported to be resistant in the Netherlands, but resistance has now been reported worldwide [1] [2] [3] [4] [5] [6] . In these studies, however, the relationship between farm environments and azole resistance of A. fumigatus was not studied. Therefore, isolates of A. fumigatus from the farm at Nihon University were examined with regard to azole resistance.
Materials and methods
The pumpkin farm (approximately 225 m 2 ) has been sprayed with a common azole fungicide, tetraconazole (Salvatore; Hyponex Japan Ltd., Osaka, Japan), twice a year for more than 15 years to prevent powdery mildew on pumpkin leaves. The dosage (3000× dilution; 38.7 mg/l) and usage (spraying 100 l/100 m 2 , twice per year) were in accordance with the manufacturer's directions. This investigation was undertaken between 14/May and 7/July 2013, with samples taken once a day between 1:00 pm and 2:00 pm (Fig. 1) . Air samples were obtained at five sampling sites by placing five uncovered, 9-cm diameter plates containing potato dextrose agar (PDA) [7] on the pumpkin farm for 30 min (Fig. 1) . Ten PDA plates were used for each sampling point. Plates were then covered and incubated at 37
• C for 72 h.
After 72 h of incubation, numbers of colonies were counted, and the morphological characteristics of the colonies were recorded. Colonies were then subcultured onto PDA plates [7] , and the isolates were identified according to both macroscopic and microscopic morphological characteristics [7, 8] , and by sequence analysis of the internal transcribed spacer (ITS) region [9] . Nucleotide sequence identity of the ITS regions of all isolates were analyzed using BLAST and were matched to the ITS sequences deposited in the GenBank database.
Isolates were examined using E-test gradient strips of ITZ obtained from AB BIODISK (Solna, Sweden). Stock inoculum suspensions were prepared as described in the E-test Technical Guide 10 [10] .
CYP51A genes of isolates with the lowest susceptibility to ITZ (MIC 1.5 mg/l) were sequenced, as described previously [11] .
Broth microdilution assay to assess the susceptibility of 50 isolates to tetraconazole was performed according to CLSI M38-A2 guidelines [12] . Tetraconazole concentrations were 580 to 1.132 mg/l in physiological saline. MIC was determined after 72-h incubation at 30
• C. MIC of tetraconazole was defined as the lowest concentration showing 100% growth inhibition.
Results
The numbers of fungal colonies formed on sample plates from 5 points on the farm are given in Figure 1 . The numbers of colonies obtained before the second spraying with tetraconazole (until June 19) were high in comparison to those obtained after the second spraying ( Fig. 1) .
Results of comparative sequence analyses by nucleotide Basic Local Alignment Search Tool (BLAST) analysis showed that the amplified sequence of 50 isolates of Aspergillus spp. from the farm was 99%-100% identical to the ITS region of A. fumigatus (GenBank accession no. KJ001801 and JX041523).
Antifungal susceptibility of isolates to ITZ was examined by E-test with 72-h incubation. The mean minimum inhibitory concentration (MIC) of 50 isolates of A. fumigatus was 0.74 (0.19-1.5) mg/l against ITZ (Table 1) . On the other hand, the MIC of ITZ resistance is more than 2 mg/l in isolates from human aspergilloma [1] . Thus, the MIC values for the isolates from the farm were below the medical resistance level of ITZ.
CYP 51A in five isolates (No. 26, 35, 44, 50, and 51) from the farm with the lowest ITZ susceptibility of MIC 1.5 mg/l (Table 1) was sequenced. NCBI showed that the sequence amplified in isolates from the farm was 100% identical to the CYP 51A of A. fumigatus (GenBank accession no. FJ548866 and FJ548863), indicating that no gene mutations were present in the five isolates mentioned above. Moreover, we investigated MICs of posaconazole (POS) and voriconazole (VRZ) for five isolates by the Etest. MICs of isolates were 0.47-0.64 mg/l of VRZ and 0.006-0.16 mg/l of POS, respectively.
MICs of isolates (No. 26, 35, 44, 50, and 51) for tetraconazole were ≤ 36.25 mg/l, thus confirming that the spraying of tetraconazole did not induce tetraconazole resistance in A. fumigatus (Table 1) .
Discussion
Tetraconazole is effective in controlling a broad spectrum of diseases, such as powdery mildew and scabs on fruits, and powdery mildew on vines, pumpkins, and cucumbers [13] . Similarly to other triazoles, tetraconazole belongs to the sterol biosynthesis inhibitor group, inhibiting the metabolic pathway leading to fungal sterol production and thus blocking the lanosterol demethylation reaction [13] . Tetraconazole quickly enters the plant and distributes evenly throughout tissues which contributes to a high level of protection, even in untreated tissues or in vegetation grown after spraying on farms [13] [14] [15] . Therefore, tetraconazole, a common fungicide was selected in this study to evaluate the farm environment and to confirm the incidence of azole resistance in A. fumigatus. The G54 mutations in cyp51A of azole resistance clinical isolates have been isolated in Japan [16] . In this study we showed that CYP 51A in five isolates (No. 26, 35, 44, 50 and 51) from the farm were not detected mutation in the gene. Therefore, spraying of tetraconazole at standard dosages does not induce azole resistance in A. fumigatus.
The European Centre for Disease Prevention and Control (ECDC) issued a risk assessment report on azole resistance in Aspergillus spp. and its possible link to environmental usage of azole fungicides (http://www.life-world wide.org/media-centre/article/ecdc-issues-risk-assessmenton-azole-resistance-in-aspergillus-from-environ/). An increase of strains of Aspergillus causing serious human infection showing resistance to azole antifungals has been detected in several European countries although the number of studies is small. Although the environmental link of the resistance has not been fully proven, there are several findings that point at a relationship. Our study has brought about great information for safety usage of azole fungicides in medical and agriculture.
